The analysis of orthodentine microwear has recently been established as a proxy for diet in extant and fossil xenarthrans (sloths, armadillos, and their extinct relatives). Previous analyses have relied on standardized comparison of sampling locations between taxa in order to statistically correlate microwear on xenarthran teeth with primary diet; variation in orthodentine microwear across the toothrow and its potential effect on dietary classification in xenarthrans remains unexplored. This study is the 1st to examine intertooth variation of microwear features in extant xenarthrans to test the necessity of standardized tooth comparison in orthodentine microwear analysis of paleodiet in fossil taxa. Statistical mean correlation tests were used to compare microwear variables between different sampling locations in a series of upper and lower teeth in 4 extant xenarthran species (Bradypus tridactylus [pale-throated three-toed sloth], Choloepus didactylus [Linnaeus' twotoed sloth], Dasypus novemcinctus [nine-banded armadillo], and Euphractus sexcinctus [six-banded armadillo]) and showed that microwear distribution between sampling locations is more conserved in three-toed sloths relative to two-toed sloths and armadillos. Significant variation in the latter groups may stem from uneven distribution of bite-force on the dentition in long-faced animals (two-toed sloths and armadillos) relative to short-faced animals (three-toed sloths), although food texture and intraspecific variation in diet may play a role as well. Based on results from extant taxa, standardized tooth comparison is required for analysis of paleodiet in glyptodonts and pampatheres and also is recommended for ground sloths in future studies of microwear.
Xenarthrans are a diverse clade of placental mammals (Gaudin and McDonald 2008 ; taxonomy used herein follows Wilson and Reeder [2005] ) that includes living tree sloths (Pilosa: Bradypodidae and Megalonychidae), armadillos (Cingulata: Dasypodidae), and anteaters (Pilosa: Myrmecophagidae and Cyclopedidae). Extant taxa are represented by only 31 species relative to .150 xenarthran taxa preserved in the fossil record (McKenna and Bell 1997) , including ground sloths (Megalonychidae), glyptodonts (Cingulata), and pampatheres (Cingulata). The rich fossil history of xenarthrans spans more than 55 million years (Paleocene-Holocene), and the fossil record supports a South American origin for the clade (Vizcaíno and Loughry 2008) , where the majority of living representatives are found (Aguiar and Fonseca 2008) . Xenarthrans are noted for their unique appearance and biology, including, but not limited to, arboreality and low metabolic rate in tree sloths (Gilmore et al. 2008) , polyembryony (Enders 2008) and leprosy (Truman 2008) in armadillos, massive size in ground sloths , and dermal armor in glyptodonts .
Extant xenarthran ecology.-Some aspects of xenarthran life history are not well understood (Vizcaíno and Loughry 2008) . This section reviews the broad range of ecologies that armadillos and tree sloths occupy, although it is not exhaustive. Because anteaters are completely edentulous, they are not included in this microwear study and are thus not reviewed in this section. Most armadillos are fossorial or even subterranean, although at least 1 species (Tolypeutes matacus [southern three-banded armadillo]) is considered cursorial (Vizcaíno et al. 1999; Vizcaíno and Milne 2002) . Armadillos are broadly grouped into insectivores and carnivore-omnivores (Redford 1985) , although omnivory is present in the former group (McDonough and Loughry 2008) . For example, Dasypus novemcinctus (nine-banded armadillo) is classified as an insectivore (Redford 1985) , yet still consumes plant and animal matter on a geographic and seasonally varying basis (see McDonough and Loughry [2008] for review). Although Redford's (1985) broad dietary dichotomy for armadillos (carnivore-omnivore versus insectivore) is followed here, these categories serve to broadly distinguish dietary trends in armadillos and are not considered absolute. Tree sloths are strictly arboreal and primarily folivorous, but consume small amounts of fruit (Chiarello 2008) .
Extinct xenarthran ecology.-Hypotheses about diet in fossil xenarthrans are based on phylogenetic and functional analysis of cranial and mandibular morphology (Bargo 2001; Bargo et al. 2006b; Bargo and Vizcaíno 2008; Muizon et al. 2004; Naples 1987 Naples , 1989 Naples , 1990 Vizcaíno and De Iuliis 2003; Vizcaíno et al. 2004) , dental morphology (Bargo et al. 2006a; Bargo and Vizcaíno 2008; Muizon et al. 2004; Vizcaíno et al. 2006) , postcranial morphology (Bargo et al. 2000; Fariña and Blanco 1996) , and fecal contents (Hansen 1978; Poinar et al. 1998) . Recent paleoecological research suggests that the range of dietary strategies employed by fossil xenarthrans was broader than their respective modern analogues. Glyptodonts and pampatheres were herbivores (Vizcaíno et al. 2004 (Vizcaíno et al. , 2006 , whereas some fossil armadillos were specialized carnivores (Vizcaíno and De Iuliis 2003) . Ground sloths were most likely herbivorous like tree sloths (Bargo 2001; Bargo et al. 2006a Bargo et al. , 2006b ), but omnivory could have been present in some fossil taxa Fariña and Blanco 1996) . Hypothesized herbivorous strategies of ground sloths span the range of extant mammalian floral consumers, including specialist browsing (Bargo et al. 2006b ; Bargo and Vizcaíno 2008; Naples 1987) , grazing (Bargo et al. 2006b; Bargo and Vizcaíno 2008) , mixed feeding Hansen 1978; Naples 1989; Poinar et al. 1998) , subterranean grubbing (Bargo et al. 2000) , and even aquatic grazing (Muizon et al. 2004) .
Despite the seeming abundance of research on this topic, analysis of paleodiet in xenarthrans remains understudied relative to other mammalian groups (Vizcaíno and Loughry 2008) . In an effort to establish independent lines of dietary inference and to promote a better understanding of food consumption in extinct xenarthrans, analysis of patterns of microwear in the orthodentine of xenarthran teeth has been supported as a new tool for paleodietary reconstruction (Green, in press) to address this deficiency in paleoecological knowledge.
Orthodentine microwear analysis in xenarthrans.-During mastication, microscopic scars (e.g., scratches and pits), known as dental microwear, form on the occlusal surface of mammal teeth (Solounias and Semprebon 2002; Teaford 1991) . Distribution and proportion of these scars on dentition is linked with dietary texture (i.e., physical properties of ingested food -Lucas 2004) , such that dental microwear patterns can be correlated with primary diet in extant mammals (Organ et al. 2006; Scott et al. 2006; Semprebon et al. 2004; Solounias and Semprebon 2002; Strait 1993; Teaford and Oyen 1989; Townsend and Croft 2008; Ungar et al. 1995) . This relationship allows direct comparison of extant microwear features with those from fossil taxa, allowing the reconstruction of paleodiets (Green et al. 2005 ). Previous research has focused primarily on microwear in enamel (e.g., Green et al. 2005; Solounias and Semprebon 2002) ; microwear in other dental tissues such as orthodentine and cementum remains understudied (Lucas 2004) .
With the exception of edentulous anteaters and the Eocene armadillo Utaetus (Simpson 1932) , xenarthrans have hypselodont (high-crowned, ever-growing) teeth that lack enamel but rather possess a soft orthovasodentine core surrounded by a harder orthodentine layer, with cementum covering the tooth exterior (Ferigolo 1985; Schmidt and Keil 1971) . Orthovasodentine and cementum are much softer and wear faster than orthodentine (Ferigolo 1985) . Differential wear of softer tissues exposes a ridge of hard orthodentine on the occlusal surface of the tooth where food processing takes place (analogous with enamel shearing surfaces in other mammals-Naples 1982; Vizcaíno et al. 1998 ). This orthodentine ridge provides an appropriate location to study the correlation between dental microwear and primary diet in these animals, providing a 1st step in understanding the significance of microwear in orthodentine as it relates to diet. The studies of Oliveira (2001) and Green (in press) were among the 1st to examine the dietary significance of microwear features not only in xenarthrans as a group, but also in mammalian orthodentine as a tissue.
Patterns of microwear observed in a small sample of extant armadillos suggest that scar patterns could be qualitatively distinguished between taxa (Oliveira 2001) . Although the 1st to define a qualitative relationship between orthodentine microwear and diet in xenarthrans, the study by Oliveira (2001) was limited by small sample size, number of included taxa, and lack of examination of microwear in fossil forms. Green (in press) quantitatively analyzed differences in orthodentine microwear between 4 extant xenarthran dietary groups (carnivore-omnivores, insectivores, folivores, and frugivore-folivores) and the fossil taxon Nothrotheriops shastensis (Shasta ground sloth). Diagnostic variables used to distinguish each dietary group (Green, in press ) are summarized in Table 1 . Orthodentine microwear was shown to correlate with diet, supporting its utility for distinguishing herbivory from nonherbivory in both extant and fossil xenarthrans (Green, in press ). These statistically robust conclusions were based on comparison of microwear features from standardized sampling locations between taxa (i.e., mesial M2 for sloths, and mesial M6 for armadillos), but extent of orthodentine microwear variation across the toothrow and its effect on dietary conclusions was not addressed.
The significance of evaluating variation in microwear patterns among xenarthrans is 3-fold. First, it may alleviate the need for standardized comparison of large samples of a specific tooth (e.g., M2 and M6). Such samples are not always available for fossil specimens in museum collections, and identification of isolated xenarthran teeth to a specific tooth position can be difficult (e.g., Green, in press); small sample size in orthodentine microwear analyses of fossil xenarthrans can hamper conclusions based on statistical testing. If microwear features do not differ statistically between teeth, sample sizes can increase for fossil taxa. Second, microwear features have been shown to vary substantially both within and between teeth in some mammals and this variation can affect dietary conclusions (e.g., Todd et al. 2007 ). Thus, extent of variation in microwear within a species or given dietary group should be ascertained in order to bolster dietary inference from microwear data. Third, the future of several extant xenarthran species is in question (Aguiar and Fonseca 2008) . Understanding intra-and intertooth variation in microwear will elucidate dietary shifts and ecological changes among sloth and armadillos, aiding in the future conservation of endangered members of this group.
The current study expands on previous research (Green, in press ) by statistically evaluating variation of microwear features across the toothrow in 4 extant xenarthran dietary groups (i.e., folivore, frugivore-folivore, insectivore, and carnivore-omnivore). Here, I evaluate 3 hypotheses of equal distribution of microwear variables across a series of sampling locations on teeth in each group: variables are equal between all sampling locations (e.g., upper, lower, mesial, and distal) across the toothrow; variables are equal between pooled mesial and distal wear facet locations; and variables are equal between pooled upper and lower tooth locations. Evaluating these hypotheses will identify significant variation in microwear variables across the toothrow, which will help evaluate whether dietary classification, based on microwear analysis, is dependent on location of sampling in extant xenarthrans. These data will be used to address the necessity of standardized tooth comparison in orthodentine microwear analysis. Fig. 1 ). These taxa were selected because they are common in museum collections, thus making them ideal targets for future microwear studies. Five skulls from each species were sampled from the mammal collection at the American Museum of Natural History, New York, New York. The following standardized selection criteria were applied to each set of specimens within a species: all 5 specimens were subadult or adult, all were same sex, all were collected from same locality, and all were collected within a 12-month period (Table 2 ). This standardization reduces the chance that observed variation in microwear patterns resulted from ontogenetic, sexual, geographic, or temporal differences within dietary groups. Because of the uncertainty of dietary composition in captivity (Superina et al. 2008) , captive specimens were not included in this study.
MATERIALS AND METHODS
Dental nomenclature follows Smith and Dodson (2003) . A series of 3 upper-lower teeth in full occlusion were selected for tree sloths: B. tridactylus and C. didactylus 5 M2-M4/m2-m4 (Figs. 1A and 1B). Criteria for labeling tooth position and occlusion in tree sloths follows Naples (1982) . For armadillos, a series of 4 upper-lower teeth in full occlusion were selected for study: D. novemcinctus 5 M3-M6/m3-m6 (Fig. 1C) , and E. sexcinctus 5 M3-M6/m4-m7 (Fig. 1D) . Identification of tooth position and occlusion for armadillo species follows criteria of Smith and Redford (1990) and Vizcaíno et al. (1998) .
Molding-casting and data collection.-Each dental series was cleaned, molded, and cast following methods detailed elsewhere (Green, in press ; modified from Solounias and Semprebon 2002) . Epoxy resin casts were analyzed at 353 magnification using a Stemi 2000-C stereomicroscope (Carl Zeiss Microimaging, Inc., Thornwood, New York). Microwear features were identified within a standard (0.4-mm 2 ) counting square on the orthodentine ridge (sensu Ferigolo 1985; Schmidt and Keil 1971) . Six of 7 microwear variables analyzed by Green (in press) are included in this study: number of scratches (Fig. 2A) ; predominant scratch texture (fine, coarse, or a mixture; Fig. 2A) ; presence of hypercoarse scratches (Fig. 2B) ; .4 cross-scratches (Fig. 2A) ; .4 large pits (Fig. 2B) ; and gouges (Fig. 2B) . The ''.4'' requirement for scoring presence of cross-scratches and gouges follows Solounias and Semprebon (2002) . Number of pits was not included because this variable has no diagnostic dietary value for any extant xenarthran dietary group (Green, in press ). For additional information on identifying and distinguishing lowmagnification microwear variables, see Semprebon et al. (2004) and Solounias and Semprebon (2002) .
Each variable was counted on 2 wear facets (mesial and distal) per tooth in each specimen. Although it is difficult to control the specific location of microwear analysis because of differential wear state and preservation between individuals, a general strategy of consistently counting features on 2 different locations near the lingualmost and labialmost periphery of orthodentine on each wear facet was followed. Variable 1 was quantified in both counting areas and averaged together as a representation of scratch number per sampling location. Variables 2-6 were recorded as either present (1) if the noted feature existed in at least 1 of the counting areas, or absent (0) if the feature was not seen in either counting area. Sampling locations were identified and labeled according to upper or lower position of teeth (i.e., M, m), ordinal position of teeth in series (e.g., 5, 6), and location of wear facet (e.g., mesial, distal); that is, ''M6 distal'' depicts distal wear facet on upper 6th molariform. In Bradypus and Choloepus, 6 teeth were sampled per specimen, with 2 wear facets per tooth analyzed. The distal portion of the M4 (Fig. 1B) records little wear because of offset tooth occlusion (Naples 1982) and microwear data were not collected at this location in tree sloths. In total, 11 sampling loci were analyzed per sloth FIG. 1.-Skulls of 4 extant xenarthran species analyzed in this study; 1st and last tooth position of upper and lower dental series selected for microwear analysis are labeled for each species. Dental positional terminology follows Naples (1982) for tree sloths and Smith and Redford (1990) and Vizcaíno et al. (1998) specimen. For armadillos, 2 wear facets were analyzed per tooth on 8 total teeth, yielding 16 sampling loci per specimen. Raw data are available from the author upon request. Independent reproducibility is important in scientific studies. Semprebon et al. (2004) have addressed this for the low-magnification microwear methods employed herein and found that both single-and interuser reproducibility are statistically robust.
Data analysis and statistics.-The mean number of scratches and the percentage of individuals possessing discrete variables were calculated for each sampling loci in each dietary group. Total (for all sampling loci) mean scratch values and total frequencies of discrete variables were computed for each group to provide a quantitative estimate of microwear within that group. Mean values for pooled mesial, distal, upper, and lower sampling locations also were reported. Total mean values for each dietary group were quantitatively compared to respective values from standardized tooth analysis (Table 1) in order to evaluate accuracy of predicting diet independent of sampling location in extant xenarthrans.
A series of multivariate statistical tests (a 5 0.05) were used to evaluate differences in the proportion and distribution of microwear variables bearing on 3 hypotheses: 1) variables are equal between all sampling loci across the toothrow; 2) variables are equal between pooled mesial and distal wear facets; and 3) variables are equal between pooled upper and lower sampling loci. A Levene test was applied 1st to test the assumption of equal variances between sampling loci for each variable in each group. If variances were equal (Levene P . 0.05), a 1-way analysis of variance (ANOVA) was run to test for significant differences between sampling loci. If variances were unequal (Levene P 0.05), a Welch test for equality of means was used to assess differences. In either analysis, P 0.05 indicated that at least 1 sampling location varied significantly from others for the target microwear variable, thereby refuting the hypothesis in question. For hypothesis 1, either a Tukey's (equal variances) or Games-Howell (unequal variances) post hoc test was run upon rejection of null hypothesis to identify specific differences among all pairwise comparisons. To test hypotheses 2 and 3 (involving pooled mesial-distal or upper-lower sampling loci, respectively) the above procedure was repeated, although post hoc tests were not required because only 2 groups were tested. One Levene and 1 ANOVA or Welch test were applied to each variable in each group for all 3 hypotheses. Thus, 6 statistical tests (3 Levene and 3 ANOVA or Welch) were applied to 8 variables in 4 dietary groups, totaling 48 tests per group, or 192 total statistical tests. All statistical analyses were conducted using SPSS (Statistical Package for Social Sciences, Inc., Chicago, Illinois).
RESULTS
Bradypus tridactylus (folivore).-Mean microwear data for pooled mesial, distal, upper, lower, and total values for B. tridactylus are given in Table 3 . Statistical testing corroborated hypotheses 1 and 2 for all 8 microwear variables (Table 4) ; 7 variables corroborate hypothesis 3. Only gouges are significantly more frequent in lower molariform teeth than in upper teeth (Tables 3 and 4) .
Choloepus didactylus (frugivore-folivore).-Mean microwear data for pooled mesial, distal, upper, lower, and total values for C. didactylus are given in Table 3 . Only frequency of .4 large pits is unequally distributed between all sampling locations, thereby rejecting hypothesis 1 for this variable (Table 4) . A Games-Howell post hoc test revealed that significant differences in large pit frequency exist between M2 mesial and M3 mesial locations (P , 0.01). All variables corroborate hypothesis 2. Hypothesis 3 bears the most disparity; mean number of scratches is significantly higher in lower teeth than in upper molariforms (Tables 3 and 4) . Gouges and a predominant mixed scratch texture are significantly more frequent in upper teeth relative to lower dentition, whereas a predominantly fine scratch texture is significantly more common in lower teeth (Tables 3 and 4) .
Dasypus novemcinctus (insectivore).-Mean microwear data for pooled mesial, distal, upper, lower, and total values for D. novemcinctus are given in Table 3 . At least 1 sampling location differs significantly in mean number of scratches and frequency of cross-scratches (Table 4) , rejecting hypothesis 1 for these variables, although subsequent Tukey's post hoc test for mean scratch number and Games-Howell post hoc test for frequency of cross-scratches both revealed no significant difference among all pairwise comparisons for either variable. All variables corroborate hypothesis 2 (Table 4) . For hypothesis 3, lower molariform teeth have a significantly lower number of scratches and lower frequency of cross-scratches compared to upper teeth (Tables 3 and 4) .
Euphractus sexcinctus (carnivore-omnivore).-Mean microwear data for pooled mesial, distal, upper, lower, and total values for E. sexcinctus are given in Table 3 . Hypothesis 1 is corroborated for all variables except the frequency of hypercoarse scratches (Table 4) , although a subsequent Games-Howell post hoc test found no significant difference in the frequency of hypercoarse scratches among pairs. For hypothesis 2, mean number of scratches is significantly higher on distal facets relative to mesial locations (Tables 3 and 4) . Finally, cross-scratches and hypercoarse scratches are significantly more frequent on upper teeth compared to lower dentition (Tables 3 and 4) , rejecting hypothesis 3 for these variables.
DISCUSSION
Within each of the 4 extant xenarthran dietary groups, the majority (81%) of comparisons among means failed to reject the null hypothesis of equality among microwear variables, revealing overall conservation of microwear patterns across the toothrow in these animals. However, each species still records at least 1 microwear variable that varies significantly between sampling locations, and even a single departure from equality could justify the use of standardized tooth comparison in xenarthran microwear analysis because some variables are more diagnostic of diet than others (Table 1) . Significance of the unequal distribution of microwear variables with respect to diet must be accounted for in order to determine whether it affects the use of standardized comparisons to classify diet. For example, rejection of the null hypothesis for a nondiagnostic variable in the target dietary group (e.g., frequency of (Table 4) . Although gouges are significantly more frequent in lower versus upper dentition (Table 4) , this variable is not diagnostic of folivores (Table 1) . Diagnostic variables (i.e., mean scratch number and frequency of cross-scratches; Table 1 ) confirm placement of B. tridactylus in folivores (Tables 1 and 3) ; the effect of disparity in gouge frequency on accuracy of dietary group assignment is negligible. Dietary classification based on microwear analysis is not dependent on location of sampling for folivores, thus standardized tooth comparison is not required for this group.
Frugivore-folivores.-With the exception of a predominantly fine texture of scratches, all microwear features that vary significantly are diagnostic of diet for frugivore-folivores (Table 1) . Although lower teeth have significantly more scratches than upper teeth, mean values of scratches for both upper and lower teeth fall within the diagnostic range of frugivore-folivores (Table 1) , which reduces the impact of variation on accuracy of dietary classification. Gouges are present in all upper teeth, and although this value is significantly higher than ,87% frequency in lower teeth (Table 4) , both values show .50% gouge frequency in frugivore-folivores (Table 3) . This is consistent with the classification in Table 1 . The same situation holds for mixed scratch texture: significant variations exist, yet mean levels fall within the expected range of variables for this dietary group (Tables 1 and 3 ). In contrast, significant differences exist between sampling loci for .4 large pit frequency (Tables 3 and 4 ) and total mean frequency for this variable is ,50% for frugivore-folivores (Table 3) , which is not consistent with the classification in Table 1 . Nondiagnostic pit frequencies that vary significantly across the toothrow reduce the usefulness of this character in dietary classification.
Overall, significant variation exists in diagnostic microwear features in frugivore-folivores. Although variation is confined to diagnostic microwear range of frugivore-folivores in 3 of 4 cases, unequal distribution of diagnostic features could affect dietary assignment. Standardized comparison of sampling loci (i.e., M2 mesial) is recommended for frugivore-folivores to promote accuracy of dietary classification. 
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Bradypus tridactylus L: P 5 0.03 L: P , 0.01 -L: P , 0.01 L: P 5 0.11 L: P , 0.01 L: P , 0.01 -W: P 5 0.17 W: P 5 1.00 -W: P 5 0.12 A: P 5 0.95 W: P 5 0.75 W: P 5 0.75 -Choloepus didactylus L: P 5 0.31 L: P , 0.01 L: P , 0.01 L: P , 0.01 L: P , 0.01 L: P , 0.01 L: P , 0.01 -A: P 5 0.56 W: P 5 0.62 W: P 5 0.18 W: P 5 0.96 W: P , 0.01 W: P 5 0.68 W: P 5 0.68 -Dasypus novemcinctus L: P 5 0.13 L: P , 0.01 L: P , 0.01 L: P , 0.01 L: P , 0.01 ---A: P , 0.01 W: P = 0.02 W: P 5 1.00 W: P 5 1.00 W: Insectivores.-Disparity in the distribution of microwear variables also is observed in xenarthrans traditionally classified as insectivorous (Table 4 ). The frequency of crossscratches is not diagnostic of insectivores (Table 1 ) and significant variation in this feature is not critical for accuracy of dietary classification. However, mean number of scratches is the most dietary-diagnostic microwear variable in xenarthrans (Green, in press) , and the presence of significant variation in this characteristic is problematic for accurate classifications of diet. Although a post hoc test failed to identify significant differences in mean scratch number between all sampling locations, rejection of hypothesis 3 indicates that upper teeth have a significantly higher mean value of scratches than do lower teeth (Tables 3 and 4) . The mean value of scratches on the upper tooth value also is beyond the maximum limit of the diagnostic number for insectivores (Tables 1 and 3 ). Specimens of D. novemcinctus used in this study also were analyzed in Green's (in press) standardized analysis. In that study, these specimens had mean scratch counts that were above average for both D. novemcinctus as a species and insectivores as a group. Examination of data from these specimens should not suggest that either the diagnostic ,10 scratch estimate for insectivores is incorrect, or that lower teeth necessarily provide a more accurate estimation of diet relative to upper teeth. The purpose of this study is to determine if microwear is equally distributed across the toothrow, a hypothesis that current data do not corroborate. Selection of random sampling loci during analysis of insectivores could yield results that do not fit the dietary classification for this group (Table 1) , thereby increasing the possibility of returning an inaccurate assessment of diet. Standardized comparisons between M6 mesial locations in insectivores need to be maintained in future microwear studies to control for such variation.
Carnivore-omnivores.-Similar levels of disparity exist between insectivores and carnivore-omnivores (Table 4) . Cross-scratches are not considered diagnostic of carnivoreomnivores (Table 1) , and significant variation in this feature should not affect dietary classification. Post hoc tests comparing the frequency of hypercoarse scratches failed to corroborate significant differences revealed by ANOVAs, indicating that variation in this variable also should not affect dietary classification. However, mean scratch values (the most dietary-diagnostic microwear variable for xenarthransGreen, in press) are significantly higher on distal loci than on mesial loci (Tables 3 and 4) , which could influence standardization of intratooth sampling location. In addition, pooled distal and total mean scratch values exceed the diagnostic upper limit of scratch number for carnivoreomnivores (Tables 1 and 3 ). Specimens of E. sexcinctus in this study were included in Green's (in press ) standardized analysis and data for these specimens are identical between both studies. Mean values of scratches from these 5 specimens are above average relative to other specimens of E. sexcinctus and carnivore-omnivores as a group (Green, in press) . These values do not imply that the diagnostic ,10 scratch range of carnivore-omnivores is inaccurate, but rather that distal wear facets consistently contain higher numbers of scratches than mesial wear facets. Significant variation in diagnostic variables complicates dietary classification. Thus, standardized comparison between M6 mesial locations is necessary for carnivore-omnivores.
Causes of microwear variation.-Although the effect of significant variation in xenarthran microwear on dietary classification has been discussed, possible origins and explanations of this variation have not yet been addressed. One possible source of variation could be dietary texture. Ninety-three percent of all tests that reject the null hypothesis are found in carnivore-omnivores, insectivores, and frugivore-folivores, dietary groups that are diagnosed by a high frequency of coarse microwear features (e.g., gouges, large pits, and hypercoarse scratches), resulting from the ingestion of abrasive food (Green, in press ). In armadillos (carnivoreomnivores and insectivores), fossorial feeding activity may result in mastication and consumption of soil or grit, abrasive particles that can cause coarse microwear (see Solounias and Semprebon 2002) . Frugivore-folivores consume hard seed pods, which results in a higher frequency of large pits and other coarse features ( Fig. 2B ; Green, in press). In contrast, folivores exhibit only 1 instance of significant variation. This group is defined by the presence of fine microwear features (e.g., high number scratches on an even wear surface; Fig. 2A ) and a lack of more coarse features, which results from consumption of relatively soft foods, such as leaves. Although correlation is not causation, examination of these data suggests a link between dietary texture and variation in microwear features. Abrasive food particles may be processed more unevenly in the oral cavity of xenarthrans, resulting in an unbalanced distribution of microwear features.
The diet of xenarthrans can vary greatly between individuals in a single species, particularly for armadillos (McDonough and Loughry 2008) . Although restrictive sampling criteria were imposed to reduce intraspecific, seasonal, and geographic variation in diet, it is possible that different individuals in the same location consume different foods. Intraspecific dietary differences could directly contribute to observed disparity of microwear variable distribution across the toothrow. Because specific dietary data are not available for each individual included in this study, this potential influence can neither be discarded nor confirmed. The effect of dietary variation on the microwear of orthodentine should be examined further.
Although variation in and texture of diet could influence disparity in microwear distribution across the toothrow in xenarthrans, there also is a possible biomechanical explanation. Roberts and Tattersall (1974) proposed that long-faced mammals emphasize more horizontal force during chewing relative to short-faced mammals. This creates a more uneven distribution of occlusal bite force in long-faced forms as maximum force peaks near the mandibular joint and decreases anteriorly. Further studies on living mammals have confirmed that bite force increases distally along the toothrow ( Thomp-son et al. 2003) . Dasypus, Euphractus, and Choloepus are long-faced animals relative to Bradypus (Figs. 1A-D) , and thus are predicted to exhibit a stronger anteroposterior gradient in bite force (Naples 1982; Smith and Redford 1990) . A more equal anteroposterior distribution of bite force is predicted for Bradypus compared to other taxa in this study (Naples 1982) . The even distribution of bite forces on a tooth series allows food to be processed equally on all dental surfaces (Lucas 2004) , resulting in a more homogenous distribution of microwear features across the toothrow. More support is available for this explanation than for the dietary texture hypothesis, although it is possible that the abrasiveness of food also contributes to unequal distribution of microwear signal in xenarthrans. Additional studies that document bite force and directly measure the relationship between bite force and microwear are needed.
Standardized tooth comparison in orthodentine microwear analysis.-It is important to control for hidden extraneous variables in statistical studies. Therefore, standardization during sampling is needed. Quantitative analyses of dental microwear traditionally use standardization to improve the accuracy of predicting the diets of extinct mammals (e.g., Green et al. 2005; Solounias and Semprebon 2002) . However, conclusions about diet in quantitative microwear studies are dependent upon sample size (e.g., Green, in press). My goal here is to evaluate whether standardization of sampling loci is necessary in orthodentine microwear analysis. If standardization is not required, sample sizes from available museum collections could increase in future research. This study shows that significant variation is present in microwear features across the toothrow in 3 of 4 extant xenarthran dietary groups, supporting the need for standardization of sampling loci to ensure accurate assessment of diet. However, three-toed sloths do not express significant variation in diagnostic variables, and although such variation is present in two-toed sloths, it is usually confined within the range of diagnostic microwear values for frugivore-folivores. Although standardized tooth comparison is strongly recommended for the latter group, it may not be critical for accurate dietary assessment. Armadillo species, on the other hand, record significant variation of features that critically impact dietary classification and standardized comparison is warranted for insectivores and carnivore-omnivores.
One purpose of studying dental microwear in living mammals is to establish a baseline to which extinct taxa can be compared. Although paleodiet in 1 extinct xenarthran taxon (N. shastensis) has been analyzed via analyses of microwear on orthodentine (Green, in press) , there are .150 other fossil taxa that await examination (McKenna and Bell 1997) . Although extant xenarthrans are not as taxonomically or ecologically diverse as extinct taxa, they remain the best analogues for understanding paleodiet through analysis of microwear on orthodentine because they lack enamel in maturity. Because standardized tooth comparison is necessary for extant armadillos, maintaining a strict location of sampling (i.e., M6 mesial) is warranted when studying fossil cingulates (glyptodonts and pampatheres). The situation is less critical for megalonychids, although standardized tooth comparison is recommended for fossil ground sloths based on the disparity among features of microwear in extant two-toed sloths. A case-by-case assessment of necessity of standardization may be required for each extinct ground sloth studied. A positive correlation exists between long-faced animals and significant variation in microwear patterns across the toothrow, and this observation should be considered when judging whether a strict sampling location is required. If standardization is applied, then M2 mesial location for ground sloths (Green, in press) should be maintained to facilitate appropriate comparisons between extinct and extant xenarthrans when forming hypotheses of paleodiet.
RESUMEN
El análisis del microdesgaste de la ortodentina se ha usado recientemente como una aproximación a la dieta de las especies de Xenarthras fósiles y existentes (perezosos, armadillos y sus parientes extintos). Los análisis previos se han basado en la comparación estandarizada de las localidades de muestreo de los taxas con el fin de correlacionar estadísticamente el microdesgaste de sus dientes con la dieta primaria de éstos. Sin embargo, la variación en el desgaste de la ortodentina a lo largo de la fila de dientes y su potencial efecto en la clasificación dietaria de los Xenarthras aun permanece inexplorada. Este es el primer estudio que examina la variación interdental de las características del microdesgaste en especies de Xenarthras existentes, para evaluar la necesidad de una comparación estandarizada de los dientes en los análisis de desgaste de la ortodentina en los estudios de la paleodieta de taxas fósiles. Se utilizaron pruebas de correlación estadística para comparar las variables de desgaste entre diferentes localidades de muestreo, en una seria de dientes de la mandíbula y el maxilar de cuatro especies de Xenarthras existentes (Bradypus tridactylus [perezoso de tres dedos]; Choloepus didactylus [perezoso de dos dedos]; Dasypus novemcinctus [armadillo de nueve bandas]; Euphractus sexcinctus [armadillo de seis bandas]). Estas correlaciones mostraron que la distribución del microdesgaste entre localidades de muestreo, es más conservada en el perezoso de tres dedos que en el perezoso de dos dedos y los armadillos. La variación significativa en los últimos grupos puede provenir de la distribución desigual de la fuerza de la mordida en la dentición de animales de cara alargada (perezoso de dos uñas y armadillos), en comparación con animales de cara achatada (perezoso de tres dedos), aunque la textura del alimento y la variación intraespecífica en la dieta, también pueden desempeñar un papel importante. Basados en los resultados de taxas existentes, es necesaria la comparación estandarizada de los dientes para el análisis de la paleodieta de glyptodontes y pampaterios y también es recomendable hacerlo para futuros estudios de microdesgaste en perezoso terrestres.
